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“Idle Speed Control” Case Study “Idle Speed Control” Case Study 
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Throttle valve and spark ignition actuators Throttle valve and spark ignition actuators 
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Throttle valve actuator and intake manifold modelThrottle valve actuator and intake manifold model
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PiecewisePiecewise--affine hybrid system modelaffine hybrid system model
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back-stepping procedure for controller synthesis
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Step 1: Crankshaft speed controllerStep 1: Crankshaft speed controller

Consider the crankshaft model with states Consider the crankshaft model with states ((n,n,ϑϑ ,T ,T ))

Problem:Problem: Find a control strategy for the resets of the engine torque Find a control strategy for the resets of the engine torque TT such that such that 
the crankshaft speed the crankshaft speed nn((tt)) is maintained bounded to is maintained bounded to [750,850] [750,850] ..

off  

on
clutch
closed

clutch
open

S



9Project ISTProject IST--20012001--3352033520: CC : CC -- Computation and Control Computation and Control PARADESPARADES Rome, 26Rome, 26--2727/01/03/01/03

Crankshaft speed constraint satisfactionCrankshaft speed constraint satisfaction

Consider the state space Consider the state space ((n,n,ϑϑ ,T ,T ))
IfIf the exit facet from the exit facet from BBcc isis ϑϑ = 180= 180, then , then nn((tt)) belongs to belongs to [750,850] [750,850] for for ϑϑ:0:0→→180180
If If ((nn0 0 ,T,T00 )) belongs to belongs to SScc, then , then ϑϑ = 180= 180 is the unique exit facet from is the unique exit facet from BBcc

Hence,Hence,
If at each deadIf at each dead--center center ((nn ,T ,T )) belongs to belongs to SScc, then , then nn((tt)) alwaysalways belongs to belongs to [750,850][750,850]..

FFee

nn

ϑϑ

TT
SScc

nn

ϑϑ

TT

BBcc

FFoo



10Project ISTProject IST--20012001--3352033520: CC : CC -- Computation and Control Computation and Control PARADESPARADES Rome, 26Rome, 26--2727/01/03/01/03

Step 2: Engine torque controllerStep 2: Engine torque controller

SScc

Problem:Problem: find a robust controlled invariant set contained in find a robust controlled invariant set contained in SScc, for a model of the , for a model of the 
crankshaft evolution between deadcrankshaft evolution between dead--centerscenters

TimeTime--varying parameters represent dependence from deadvarying parameters represent dependence from dead--center timescenter times

nn

TT

nn

TT
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Robust invariance via triangularizationRobust invariance via triangularization

Approach:Approach:
SScc is partitioned in simplex: is partitioned in simplex: SS11, , SS22, , SS33 and and SS44..

a feedback a feedback u u is designed s.t. is designed s.t. SS11, , SS22, , SS3 3 →→ SS22∪∪ SS3 3 , i.e. , i.e. SS22∪∪ SS3 3 is a robust invariant setis a robust invariant set

Robustness with respect toRobustness with respect to
Load toque disturbance, clutch disturbance, deadLoad toque disturbance, clutch disturbance, dead--center time and parameters uncertainties.center time and parameters uncertainties.

for for ((nn ,T ,T )) in in SSpp
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Implementation of the affine controllerImplementation of the affine controller

Feedback Feedback uu((kk)) is implemented in terms of engine torqueis implemented in terms of engine torque

Since spark advance efficiency is bounded to the interval Since spark advance efficiency is bounded to the interval [[0.6,10.6,1]] thenthen

AirAir--fuel mixture mass is regulated to the interval            fuel mixture mass is regulated to the interval            withwith

Engine torque is controlled by the spark advance feedbackEngine torque is controlled by the spark advance feedback

positive spark advance

negative spark advance
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Step 3: Intake manifold controllerStep 3: Intake manifold controller

A feedback A feedback is designed to control is designed to control pp to the target intervalto the target interval

The throttle valve feedback is implemented in the The throttle valve feedback is implemented in the 5msec5msec--sampling as follows sampling as follows 

where                                        is the estimated tiwhere                                        is the estimated time to the next deadme to the next dead--center andcenter and



14Project ISTProject IST--20012001--3352033520: CC : CC -- Computation and Control Computation and Control PARADESPARADES Rome, 26Rome, 26--2727/01/03/01/03

Robust invariance for the closed loop systemRobust invariance for the closed loop system

Robust invariance of the computed subset of the state space, undRobust invariance of the computed subset of the state space, underer
Clutch and torque load disturbancesClutch and torque load disturbances
DeadDead--center time interval length uncertaintiescenter time interval length uncertainties
Parameter uncertainties Parameter uncertainties 

for the closedfor the closed--loop system obtained with the proposed controller has been loop system obtained with the proposed controller has been 
verified.verified.
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Simulation resultsSimulation results
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ConclusionConclusion

Idle speed control has been formulated as an affine hybrid systeIdle speed control has been formulated as an affine hybrid system m 
control problem on control problem on polytopespolytopes..

The approach to controller synthesis is a combination ofThe approach to controller synthesis is a combination of
BackBack--stepping procedure and interactive designstepping procedure and interactive design
Control for affine systems on Control for affine systems on polytopespolytopes
Theory of invariant setsTheory of invariant sets

Input and state constraints are handled byInput and state constraints are handled by
Partitioning the space in Partitioning the space in polytopespolytopes
Designing feedback controls for each Designing feedback controls for each polytopepolytope such that the state of the such that the state of the 
closed loop system is driven only on those closed loop system is driven only on those polytopes polytopes for which constraints for which constraints 
are verifiedare verified

Future work: introducing performance specificationsFuture work: introducing performance specifications


